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through the nurse cells seems to be essential for specific can be entertained. However, in a remarkable extension
anterior localization in the oocyte. Nurse cell injections of their assay, Cha et al. inject labeled RNA into a nurse
provide a robust and reproducible localization assay, cell and then remove the resulting particles via the injec-
with control experiments revealing dependence on tion needle and inject them into an oocyte. Now the
known components of the localization system such as RNA can move specifically within the oocyte to the ante-
sequences from the bcd mRNA 3 UTR, the Exu protein, rior. This directed movement requires that the injected
and intact microtubules. The involvement of the latter nurse cells be exu (and have intact microtubules), but
two components is addressed in detail by Cha et al., the injected oocyte can be exu (dependence on oocyte
and, among a wealth of information that will be savored microtubules has not been tested). Thus, Exu in concert
by enthusiasts, two sets of observations stand out. with other nurse cell factor(s) confers the property of
First, experiments involving injection of bcd RNA into directed movement on the bcd mRNA-containing par-
oocytes lead to a new view of microtubule organization. ticles.
The nonspecific cortical accumulation of these tran- The results presented by Cha et al. represent a signifi-
scripts is at odds with a highly polarized microtubule cant advance in research into bcd mRNA localization.
scaffold placing minus ends at the anterior and plus Introduction of the direct injection assay provides a
ends at the posterior pole. Additional evidence for more powerful new method to pose questions about the roles
complex cytoskeletal organization in the oocyte is pro- played by different localization components and is likely
vided by a newly refined immunolabeling and confocal to help overcome some of the obstacles inherent in
imaging technique. Cha et al. observe microtubules ter- studying a process where multiple mechanisms contrib-
minating at all cortical regions outside of the posterior ute to the observed patterns of mRNA localization. The
pole, with very few oriented along the anterior-posterior new insights into specific requirements for Exu and mi-
axis. Thus, some presently unknown form of locational
crotubules represent only the first fruits of this approach,
information must be recognized by the RNA localization
and we may expect to learn a great deal more in themachinery. Cha et al. propose the existence of an as yet
future.unidentified subset of functionally distinct microtubules
that are polarized toward the anterior of the oocyte. This
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production of male- or female-specific versions of theSex and the Neighboring Cell
zinc finger transcription factors encoded by the dou-
blesex (dsx) gene. Null mutations in dsx cause a number
of sexual alterations, the most dramatic of which is the
Bizarre sexual abnormalities attract attention, even in production of distinct male and female genitalia in the
the scientific world. Recent studies of the Drosophila same individuals. This “double sex” phenotype sug-
doublesex gene have produced a more accurate de- gests that, in males, the Dsxm protein inhibits the forma-
scription of the origin, growth, and differentiation of tion of female structures by blocking the growth and
the male and female genitalia. The big surprise is that differentiation of the female primordia within the genital
the neighbors have more influence than previously imaginal disc. Conversely, in females, Dsxf inhibits male
recognized. genital development by preventing the growth and dif-
ferentiation of the male genital primordium.
In Drosophila the sex of the soma is determined by This conventional model for genital disc development
is not without problems. While dsx null mutants can forman X chromosome signal that ultimately leads to the
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Signaling Pathways in the Revised Model for
Genital Disc Development
The genital disc contains the female genital
primordium (FGP, red), male genital primor-
dium (MGP, blue), and anal primordia (not
shown). The FGP produces all female genital
structures except the parovaria. The MGP
produces the male genitalia and the 8th ter-
gite. Signaling by dpp and wg from anterior
compartment organizing regions controls the
growth and differentiation of each primor-
dium. The Dsx proteins control the sex speci-
ficity of disc growth by regulating the wg
pathway in the FGP and dpp gene expression
in the MGP (Keisman et al., 2001b; Sanchez et
al., 2001). Dsxf and Dsxm also regulate cellular
differentiation in responses to the dpp and
wg signals (Keisman and Baker, 2001a; San-
chez et al., 2001).
almost the entire range of male and female structures, Keisman et al. (2001b) prove that the male and female
primordia are neither fully repressed nor completely sexno single animal produces both complete sets. The
model also fails to explain satisfactorily why flies that specific. Using well-defined markers to identify the com-
partment boundaries, and taking care to identify keysimultaneously express Dsxm and Dsxf exhibit a genital
phenotype similar to that seen in dsx null mutants: male intermediate stages, the authors establish that both the
MGP and FGP give rise to adult structures in each sex.and female structures in the same individual.
The paper by Keisman, Christiansen, and Baker, in In females, the “repressed” MGP gives rise to the paro-
varia, while, in males, the “repressed” FGP contributesthis issue of Developmental Cell, addresses the mecha-
nism by which dsx controls the development of the geni- a small 8th tergite to the genital arch. Thus, each primor-
dium is truly sexually dimorphic, and dsx directs whichtal disc. Their work leads to a significant revision of
the standard model of genital development. First, they of the two alternative fates is adopted.
In the genital disc, the wingless (wg) and dpp signalingdemonstrate that the male and female primordia give
rise to defined adult structures in every fly. Second, they pathways control the growth and subsequent patterning
of the genital primordia (Sanchez et al., 1997; Chen andshow that dsx acts within a small organizing region near
the anterior and posterior (A/P) compartment bound- Baker, 1997; Keisman and Baker, 2001a; Sanchez et al.,
2001). Sanchez et al. (2001) and Keisman and Bakeraries to regulate disc growth. Their work contributes to
a growing body of evidence suggesting that dsx actively (2001a) have demonstrated that dsx imposes sex and
segment specificity on these pathways by regulating wgpromotes some aspects of genital differentiation, and
strengthens several aspects of the analogy between the signaling in the FGP and dpp expression in the MGP
(see Figure). This raises a paradox: in the traditionalactions of dsx and the homeotic genes.
In Drosophila the differences between the sexes are model, every genital disc cell must be of the appropriate
sex to grow and differentiate. However, wg and dpp aremost graphically illustrated by the structures of their
terminalia: the internal and external genitalia, apart from expressed in a few cells along the (A/P) compartment
boundaries. If these few cells determine growth, whythe gonads, and the analia, which adopt different male
and female morphologies. The genital disc is unusual should the sex of the cells located far from the boundary
matter?in that is a compound structure, thought to reflect fu-
sions of three pairs of ancestral discs. Thus, it contains The answer is that it doesn’t, at least not very much for
the growth of the disc. In an elegant set of experiments,three distinct primordia: the female genital primordium
(FGP), the male genital primordium (MGP), and the anal Keisman et al. (2001b) show that changing the sex of
the narrow band of dpp and wg expressing cells in theprimordium, i.e., each with a different segmental iden-
tity. The conventional view is that the FGP and MGP organizing center changes the growth pattern of the
entire disc to that of the sex expressed at the organizer.contribute only the female and male genitalia, while the
anal primordium produces both the male and female Thus, in a normal female most of the cells in the FGP
proliferate, not because they are female, but becauseanalia and the parovaria, two small internal female ac-
cessory glands. The dsx gene is thought to control sex some of their neighbors are. Similarly, the cells in the
MGP fail to grow, not because they are female, butspecificity in the disc by cell autonomously repressing
the growth of the sexually inappropriate genital primor- because those at the organizer are. Many will detect a
hint of irony in that the paper presents such convincingdium. Thus, in females, the FGP grows and then differen-
tiates to form the genitalia. Concurrently, Dsxf represses evidence for nonautonomy. It was, after all, Baker’s clas-
sic “Sex and the Single Cell” (Baker and Ridge, 1980)proliferation of the MGP so that it can make no contribu-
tion to the adult. The reciprocal actions occur in males: that cemented the notion of cell autonomy in sex deter-
mination, even though it made no such claim for dsx inthe MGP proliferates, while Dsxm prevents the growth
of the FGP. the genital disc.
The sex of the individual cells is important for subse-While there is no doubt that growth of the FGP and
MGP is limited in the inappropriate sexual environment, quent differentiation as cells with male identity cannot
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form female structures and those with female identity sex on positional information to generate sexual dimor-
cannot form male structures. How this cell autonomous phism.
control may work is illustrated by dsx’s regulation of
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acts in two ways to control genital disc development:
nonautonomously to control disc growth by regulating
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In S. cerevisiae, spindle orientation and nuclear posi-New Insights into Development
tioning are important considerations for a successfulfrom Mitosis of a Unicellular Yeast mitosis because division must occur at the bud junction,
with spindles elongating in the correct direction. In S.
pombe, the nucleus is prepositioned in the center of theStudies in the fission yeast Schizosaccharomyces
cell, and thus the main challenge is establishing spindlepombe have uncovered a new spindle checkpoint.
orientation. This prepositioning of the nucleus for mito-
sis is a property that S. pombe shares with mammalian
The mitotic spindle, which physically segregates chro- cells and many other eukaryotes. Gachet et al. show
mosomes during mitosis, must align correctly to ensure that Latrunculin B prevents mitotic progression in fis-
partitioning to the daughter cells. Spindle orientation sion yeast, arresting cells within mitosis with short mis-
also plays a crucial role during development. For exam- orientated mitotic spindles (see Figure). Latrunculin
ple, in Drosophila epithelial cell layers, changing spindle
sequesters actin monomers, driving actin depolymeriza-
orientation from the horizontal to the vertical plane is a
tion. Their data suggest, therefore, that actin depolymer-
prerequisite for differential cell fate after division. Be-
ization prevents spindle orientation and activates a check-
cause chromosome segregation is a key irreversible cell
point within mitosis.
cycle transition, it is tightly regulated by a number of
Formally defining a checkpoint pathway requires the
checkpoint pathways to ensure correct spindle architec-
identification of one or more mutants that, during treat-ture and bivalent kinetochore attachment. In a recent
ment, progress through the arrest point with similar ki-report in Nature, Gachet et al. (2001) provide evidence
netics to untreated cells. The Latrunculin-induced mi-for a novel checkpoint that monitors spindle orientation.
totic delay is dependent on the stress-activated MAPMitotic checkpoints have been most thoroughly inves-
kinase pathway and a downstream transcription factortigated in S. cerevisiae, where two pathways have been
target Atf1. Latrunculin-dependent MAP kinase activa-identified. The first monitors kinetochore attachment
tion is probably a direct result of depolymerization ofand involves Mad2 and Bub1. Unattached kinetochores
the actin cytoskeleton. However, as with many drugactivate Mad2 to bind to the fizzy-related protein Cdc20.
studies, it will be important to formally prove this. TheCdc20 targets several proteins, including the regulatory
response of actin mutants that are insensitive to Latrun-subunit of mitosis promoting factor (MPF), cyclin B, and
culin (Ayscough et al., 1997) offers a simple approachthe separase inhibitor securin to an E3 ubiquitin ligase
to test this prediction.called the anaphase promoting complex (APC) (Nasmyth
Checkpoint responses usually use posttranslationalet al., 2000). Separase cleaves a component of the
modulations to provide the rapid and reversible re-cohesin complex. This complex holds the sister chroma-
sponses, but the checkpoint described by Gachet et al.tids together (Alexandru et al., 2001). Thus, unattached
may be dependent upon transcriptional changes. Thiskinetochores arrest cell division by blocking both MPF
would be consistent with the observed requirement ofinactivation and chromosome separation. The second
Atf1 and its upstream regulator Sty1. However, the kinet-pathway monitors spindle integrity through a mecha-
ics of MAP kinase phosphorylation upon addition ofnism that is dependent upon the location of the pole
Latrunculin is rapid (10–20 min) and transient (60and may also monitor tension produced by microtubule
forces at the spindle poles (Hoyt, 2000). min), whereas their physiological experiments monitor
